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SILICON-CONTAINING POLYMER AND METHOD FOR MANUFACTURING THE 
SAME, HEAT-RESISTANT RESIN COMPOSITION, AND HEAT-RESISTANT FILM 

[Technical Field] 
[0001] 

The present invention relates to a silicon-containing polymer 
and a method for manufacturing the same, a heat-resistant resin 
composition and a heat-resistant film. More specifically, the 
present invention relates to a silicon-containing polymer that is 
soluble in an alkaline solution and is novel, and a manufacturing 
method thereof; another novel silicon-containing polymer and a 
heat-resistant resin composition comprising a hydrosilylated 
polymer obtained using the same; and a heat-resistant film formed 
by thermal hydrosilylation of the silicon-containing polymer. 

The alkali-soluble silicon-containing polymer of the present 
invention is useful in alkaline developable resist materials and 
the like. 

The other silicon-containing polymer of the present invention 
is useful in the fields of electronics, optically functional 
materials, and the like. 

In addition, the heat-resistant resin composition and heat- 
resistant film of the present invention are useful as aerospace 
materials, semiconductor materials, and the like, due to their 
extremely high heat-resistance. 

[Background Art] 
[0002] 

As an alkali-soluble silicon-containing polymer, 
polyorganosilsesquioxanes disclosed in patent reference 1 below, 
organopolysiloxanes disclosed in patent reference 2 below, and the 
like are generally known. 

Additionally, as a heat-resistant resin composition in which 
a silicon-containing compound is used, copolymers of a hydrogenated 
octasilsesquioxane and a vinyl group-containing compound disclosed 
in patent reference 3 below, silicon-containing curable 
compositions disclosed in patent reference 4 below, silsesquioxane- 
containing polymers disclosed in patent reference 5 below, and the 
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like are known. 
[0003] 

[Patent reference 1] JP-A 362-96526 

[Patent reference 2] JP-A Hl-292036 

[Patent reference 3] JP-A 2000-265065 

[Patent reference 4] JP-A 2001-89662 

[Patent reference 5] JP-A H9-296044 

[Disclosure of the Invention] 

[Problems to be solved by the Invention] 

[0004] 

According to the alkali-soluble silicon-containing polymers 
disclosed in patent references 1 and 2 mentioned above, there is 
drawback where a compound having a high molecular weight is 
difficult to obtain. 

On the other hand, according to the heat-resistant resin 
composition disclosed in patent references 3 and 4 mentioned above, 
a heat resistance where weight loss rate in nitrogen atmosphere at 
1,000°C is 5% or less was not obtained. In addition, the heat- 
resistant resin compositions disclosed in patent references 3 and 5 
mentioned above are impractical since they use a dif f icult-to- 
isolate and extremely expensive hydrogenated octasilsesquioxane as 
a starting material, and further have drawbacks in that a monomer 
having an unsaturated group vaporizes during heat polymerization to 
form an outgas, and contaminate the working environment. 
[0005] 

An objective of the present invention is to provide a novel 
alkali-soluble silicon-containing polymer which has a high 
molecular weight, and a method for manufacturing the same. 

In addition, another objective of the present invention is to 
provide a novel silicon-containing polymer whereby a cured material 
having extremely high heat resistance is obtained by a simple 
method that does not use expensive starting materials, and whereby 
a gas that contaminates the working environment is not generated 
even when the polymer is heated, and a heat-resistant resin 
composition comprising its hydrosilylated polymer and a heat- 
resistant film. 
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[0006] 

The present invention is as follows. 

1. An alkali-soluble silicon-containing polymer which is 
represented by the general formula (1) below and has a weight- 
average molecular weight in the range from 500 to 500,000: 

[A^-CR^)„-Si-03/2]s[R^-Si-Oi/2]t[Si-04/2]o 

(In the formula, is a phenyl group having either a hydroxyl group 
or an alkoxy group; is an alkylene group of 1-4 carbons; m is 0 
or 1; is an alkyl group of 1-4 carbons (R^ in one molecule may be 
the same type or a combination of two or more different types.); 
each of s and u is a positive number; t is 0 or a positive number; 

0 < t/(s + u) < 1; and 0 < u/s < 5) . 

2. The alkali-soluble silicon-containing polymer according to 

1 above, wherein 0 ^ t/(s + u) ^ 0.2 and 0.2 < u/s ^ 5 are in the 
general formula (1) and the polymer is solid at room temperature. 

3. A method for manufacturing the alkali-soluble silicon- 
containing polymer represented by the general formula (1) above, 
being characterized in performing hydrolytic co-condensation of s 
moles of an organosilane having a hydrolysable group represented by 
the general formula (2) below, t moles of an organosilane having a 
hydrolysable group represented by the general formula (3) below, 
and u moles of a silicon compound having a hydrolysable group 
represented by the general formula (4) below (wherein s and u are 
positive numbers; t is 0 or a positive number; 0 ^ t/(s + u) ^1; 
and 0 < u/s ^ 5) . 

A'(R')n,SiMS (2) 
(In the formula, A"*^ is a phenyl group having either a hydroxyl' group 
or an alkoxy group; R"^ is an alkylene group of 1-4 carbons; M"^ is a 
hydrolysable group; and m is 0 or 1.) 

R^-Si-M^ (3) 

(In the formula, is an alkyl group of 1-4 carbons; and is a 
hydrolysable group.) 

SiM\ (4) 
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(In the formula, is a hydrolysable group.) 

4. A silicon-containing polymer which is represented by the 
general formula (5) below and has a weight-average molecular weight 
in the range from 500 to 500,000: 

[Si-04/2]w[H-Si-03/2]x[A^-(R^)n-Si-03/2]yCR'^-Si-Oi (5) 

(In the formula, is an organic group of 2-10 carbons, having a 
carbon-carbon unsaturated group; is an alkylene group of 1-20 
carbons, a bivalent aromatic group of 6-20 carbons, or a bivalent 
alicyclic group of 3-20 carbons; n is 0 or 1; R'^ is a hydrogen atom 
or an alkyl group of 1-10 carbons (R^ in one molecule may be the 
same type or a combination of two or more different types.); each 
of X and y is a positive number; each of w and z is 0 or a positive 
number; 0<z/(w+x+y) <2; and 0.01 < y/(w + x) < 5), 

5. A heat-resistant resin composition comprising a 
hydrosilylated polymer obtained by a reaction between a hydrogen 
atom bonded to. a silicon atom in the silicon-containing polymer 
according to 4 above, and a carbon-carbon unsaturated group in 
another silicon-containing polymer according to 4 above. 

6. The heat-resistant resin composition according to 5 above, 
having a weight loss rate of 5% or less when heated from 25°C to 
1,000°C at a rate of temperature increase of 10°C/minute in 
nitrogen atmosphere. 

7. A heat-resistant film, which is obtained by spreading an 
organic solvent solution of the silicon-containing polymer 
according to 4 above on a substrate and curing the coated film by 
thermal hydros ilylat ion. 

[Effects of the Invention] 
[0007] 

The alkali-soluble silicon-containing polymer of the present 
invention has a specific structure and is excellent in alkali 
solubility in spite of its high molecular weight. Additionally, 
containing prescribed quantities of specific units leads to a 
softening point having wide range, and the polymer is suitable in 
resist materials and other applications. 

According to the manufacturing method of the alkali-soluble 
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silicon-containing polymer of the present invention^ using specific 
starting components easily leads to a compound having a high 
molecular weight. 
[0008] 

According to the other silicon-containing polymer of the 
present invention, it is possible to obtain a cured material that 
has a specific structure and high heat resistance and does not 
generate any gas contaminating the working environment during 
heating . 

According to the heat-resistant resin composition of the 
present invention, the weight loss rate when the composition is 
heated from 25*^0 to 1,000°C at a rate of temperature of 10°C/minute 
in nitrogen atmosphere can be kept to 5% or less. 

According to the heat-resistant film of the present invention, 
the weight loss rate when the composition is heated from 25°C to 
1,000°C at a rate of temperature of 10°C/minute in nitrogen 
atmosphere can be kept to 5% or less. 

[Best Mode for Carrying out the Invention] 
[0009] 

The present invention will be described in detail hereinafter. 
1. Alkali-soluble silicon-containing polymer 

The alkali-soluble silicon-containing polymer (also referred 
to as "polymer (I)") is represented by the general formula (1) 
below and has a weight-average molecular weight in the range from 
500 to 500,000. 

[A"'-(R^)^-SI-03/2]stR^-Si-Oi/2]ttS'-04/2]u ^ 

(In the formula, A"^ is a phenyl group having either a hydroxyl group 
or an alkoxy group; R"*" is an alkylene group of 1-4 carbons; m is 0 
or 1; is an alkyl group of 1-4 carbons (R^ in one molecule may be • 
the same type or a combination of two or more different types.); 
each of s and u is a positive number; t is 0 or a positive number; 
0' < t/(s + u) < 1; and 0 < u/s < 5). 

[0010] 

The silicon-containing polymer (I) of the present invention 
comprises, as represented by the general formula (1) above, a 
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trif unctional siloxane unit represented by .the general formula (6) 
below, a monof unctional siloxane unit represented by the general 
formula (7) below, and a tetraf unctional siloxane unit represented 
by the formula (8) below. These units may each be bonded with any 
same or different siloxane unit. 
[0011] 

[A'~(R'),-Si-03/2] (6) 
(In the formula, is a phenyl group having either a hydroxyl group 
or an alkoxy group; is an alkylene group of 1-4 carbons; and m is 
0 or 1 . ) 

{In the formula, is an alkyl group of 1-4 carbons.) 

[Si-04/2] (8) 

[0012] 

In general formulae (1) and (6) above. A"*" is a phenyl group 
having either a hydroxyl group or an alkoxy group, and the hydroxyl 
group or the alkoxy group bonded to this phenyl group may each be 
alone or two or more types. 

Preferred examples of A""^ include o-hydroxyphenyl group, m- 
hydroxyphenyl group, p-hydroxyphenyl group, 2 , 3-dihydroxyphenyl 
group, 2 , 4-dihydroxyphenyl group, 3, 4-dihydroxyphenyl group, 3,5- 
dihydroxyphenyl group, o-methoxyphenyl group, m-methoxyphenyl group, 
p-methoxyphenyl group, 2 , 3-dimethoxyphenyl group, 2,4- 
dimethoxyphenyl group, 3 , 4-dimethoxyphenyl group, 3,5- 
dimethoxyphenyl group, o-ethoxyphenyl group, m-ethoxyphenyl group, 
p-ethoxyphenyl group, 2 , 3-diethoxyphenyl group, 2 , 4-diethoxyphenyl 
group, 3, 4-diethoxyphenyl group, 3 , 5-diethoxyphenyl group, o- 
isopropoxyphenyl group, m-isopropoxyphenyl group, p- 
isopropoxyphenyl group, 2 , 3-di-isopropoxyphenyl group, 2,4-di- 
isopropoxyphenyl group, 3 , 4-di-isopropoxyphenyl group, 3,5-di- 
isopropoxyphenyl group, ortho- tert-butoxyphenyl group, meta-tert- 
butoxyphenyl group, p-tert-butoxyphenyl group, 2,3-di-tert- 
butoxyphenyl group, 2 , 4-di-tert-butoxyphenyl group, 3,4-di-tert- 
butoxyphenyl group, 3,5-di-tert butoxyphenyl group, 2-methoxy-3- 
hydroxyphenyl group, 2-methoxy-4-hydroxyphenyl group, 3-methoxy-4- 
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hydroxyphenyl group, 3-methoxy-5-hydroxyphenyl group, 2-hydroxy-3- 
methoxyphenyl group, 2-hydroxy-4-methoxyphenyl group, 3-hydroxy-4- 
methoxyphenyl group, 3-hydroxy-5-methoxyphenyl group, 2-ethoxy-3- 
hydroxyphenyl group, 2-ethoxy-4-hydroxyphenyl group, 3-ethoxy-4- 
hydroxyphenyl group, 3-ethoxy-5-hydroxyphenyl group, 2-hydroxy-3- 
ethoxyphenyl group, 2-hydroxy-4-ethoxyphenyl group, 3-hydroxy-4- 
ethoxyphenyl group, 3-hydroxy-5-ethoxyphenyl group and the like. 

In the polymer (I) of the present invention, in one 
molecule may be the same type or a combination of two or more 
different types when s ^ 2. 
[0013] 

In general formulae (1) and (6), is an alkylene group of 1- 
4 carbons. Preferred examples of include methylene group, 
ethylene group, n-propylene group, i-propylene group, n-butylene 
group, i-butylene group and the like. 

Also in the formulae above, m is 0 or 1 . 

[0014] 

In general formulae (1) and (7), R^ is an alkyl group of 1-4 
carbons. Preferred examples of R^ include methyl group, ethyl group, 
n-propyl group, i-propyl group, n-butyl group, i-butyl group and 
the like. 

R^ contained in the polymer (I) of the present invention may 
be the same type or a combination of two or more different types. 
[0015] 

In the general formula (1), s and u are positive numbers, t 
is 0 or a positive number, 0 < t/(s + u) ^1 and 0 < u/s ^ 5. In 
the case of being out of these ranges, syntheses are difficult and 
the polymer (I) of the present invention does not have alkali 
solubility. When s, t and u satisfy 0 ^ t/(s + u) ^0-2 and 0.2 < 
u/s ^ 5, the silicon-containing polymer (I) of the present 
invention is solid at room temperature (25°C) and is easy to handle. 
[0016] 

The polymer (I) of the present invention may comprise some 
hydroxyl groups, alkoxy groups, halogen atoms and the like that are 
remained in the manufacturing process. 
[0017] 

The weight-average molecular weight (Mw) of the silicon- 
containing polymer (I) of the present invention is in the range 
from 500 to 500,000 as measured by gel permeation chromatography 
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(hereinafter referred to as "GPC") using standard polystyrene. In 
the case of being out of these ranges, syntheses are difficult. 
[0018] 

The silicon-containing polymer of the present invention can 
be soluble in an alkaline aqueous solution such as an aqueous 
solution of sodium hydroxide and an aqueous solution of tetramethyl 
ammonium hydroxide, and can also be soluble in various organic 
solvents such as hydrocarbon solvents, aromatic-based hydrocarbon 
solvents, chlorinated hydrocarbon solvents, alcohol solvents, ether 
solvents, amide solvents, ketone solvents, ester solvents and 
Cellosolve solvents. Therefore, this polymer can be applied in 
alkaline developable resist materials and the like used for micro- 
fabrication in LSI manufacturing. 
[0019] 

2. Method for manufacturing alkali-soluble silicon-containing 
polymer 

The method for manufacturing the alkali-soluble silicon- 
containing polymer of the present invention is a method for 
manufacturing the polymer (I) represented by the general formula 

(1) above, and comprises performing hydrolytic co-condensation of s 
moles of an organosilane having a hydrolysable group represented by 
the general formula (2) below, t moles of an organosilane having a 
hydrolysable group represented by the general formula (3) below, 
and u moles of a silicon compound having a hydrolysable group 
represented by the general formula (4) below (wherein s and u are 
positive numbers; t is 0 or a positive number; 0 ^ t/ (s + u) ^ 1; 
and 0 < u/s ^ 5) . 

[0020] 

AMR')„,SiMS (2) 
(In the formula, A-^ is a phenyl group having either a hydroxyl group 
or an alkoxy group; R""" is an alkylene group of 1-4 carbons; M"*^ is a 
hydrolysable group; and m is 0 or 1.) 

R^-Si-M^ (3) 

(In the formula, is an alkyl group of 1-4 carbons; and is a 
hydrolysable group.) 
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SiM^ (4) 
(In the formula, is a hydrolysable group.) 
[0021] 

The hydrolysable groups M"*^, , and in general formulae (2) , 
(3) and (4) above may each be the same or different. The 
hydrolysable group is not particularly limited so far as it can be 
hydrolyzed, however, examples thereof include a halogen atom such 
as chlorine atom and bromine atom, an alkoxy group such as methoxy 
group, ethoxy group, isopropoxy group and methoxyethoxy group, an 
acyloxy group such as acetoxy group, an trialkyl siloxy group such 
as trimethyl siloxy group and the like. 
[0022] 

Compounds represented by the general formula (2) include 3- 
(3-methoxy-4 hydroxyphenyl) propyl triethoxysilane, 3- (2-methoxy-3- 
hydroxyphenyl ) propyl triethoxysilane, 3-methoxy-4-hydroxyphenyl 
triethoxysilane, 2-p- ( tert-butoxy ) phenylethyl triethoxysilane and 
the like. 

Compounds represented by the general formula (3) include 
trimethyl methoxysilane, trimethyl ethoxysilane and the like. 

Compounds represented by the general formula (4) include 
tetraethoxysilane and the like. 
[0023] 

Each number of mole of the organosilane having a hydrolysable 
group represented by the general formula (2) above, the 
organosilane having a hydrolysable group represented by the general 
formula (3) above, and the silicon compound having a hydrolysable 
group represented by the general formula (4) above is such that the 
conditions which are the same as those in the general formula (1) 
above, that is, specifically, s and u are positive numbers, t is 0 
or a positive number, 0 ^ t/(s + u) ^1 and 0 < u/s ^ 5 are 
satisfied. Molecular weight, softening point, quantity of the 
phenyl group having a hydroxyl group or an alkoxy group, degree of 
alkali solubility, and the like can be freely controlled by varying 
the mole ratios while satisfying these conditions. 
[0024] 

Referring to the method for hydrolytic co-condensation using 
three types of silicon compounds above, known methods may be 
applied and a catalyst is usually used. Examples of the catalyst 
include an acidic catalyst, a basic catalyst, a metal chelate 
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compound and the like. 

Each of an inorganic acid and an organic acid may be used 
alone or in combination as the acidic catalyst. Examples of the 
inorganic acid include hydrochloric acid, sulfuric acid, phosphoric 
acid, nitric acid and the like. Examples of the organic acid 
include acetic acid, propionic acid, butanoic acid, pentanoic acid, 
hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, 
decanoic acid, oxalic acid, maleic acid, methylmalonic acid, adipic 
acid, sebacic acid, gallic acid, butyric acid, mellitic acid, 
arachidonic acid, shikimic acid, 2-ethylhexanoic acid, oleic acid, 
stearic acid, linoleic acid, linolenic acid, salicylic acid, 
benzoic acid, p-aminobenzoic acid, p-toluenesulf onic acid, benzene 
sulfonic acid, monochloroacetic acid, dichloroacetic acid, 
trichloroacetic acid, trif luoroacetic acid, formic acid, malonic 
acid, sulfonic acid, phthalic acid, fumaric acid, citric acid, 
tartaric acid and the like. 
[0025] 

Each of an inorganic base and an organic base may be used 
alone or in combination as the basic catalyst. Examples of the 
inorganic base include ammonia, sodium hydroxide, potassium 
hydroxide and the like. Examples of the organic base include 
pyridine, pyrrole, piperazine, pyrrolidine, piperidine, picoline, 
monomethyl amine, dimethyl amine, trimethyl amine, monoethyl amine, 
diethyl amine, triethyl amine, monopropyl amine, dipropyl amine, 
tripropyl amine, monobutyl amine, dibutyl amine, tributyl amine, 
monoethanol amine, diethanol amine, dimethyl monoethanol amine, 
monomethyl diethanol amine, triethanol amine, diazabicyclo octane, 
diazabicyclo nonane, diazabicyclo undecane, tetramethylammonium 
hydroxide and the like. 

Examples of the metal chelate compound include titanium 
chelate compounds, zirconium chelate compounds, aluminum chelate 
compounds and the like. 

In the method for manufacturing the polymer (I) of the 
present invention, using an acidic catalyst is preferred and highly 
volatile hydrochloric acid, nitric acid and the like is 
particularly preferred. 
[0026] 

The hydrolytic co-condensation mentioned above is preferably 
performed at a temperature in the range from 40 to 80°C. In the 
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case the reaction temperature is lower than 40°C, the hydrolysis 
rate decreases, and an organopolysiloxane having an unreacted 
alkoxy group may be formed. In addition, the reaction time also 
increases and productivity tends to lower. In this hydrolytic co- 
condensation, it is also possible to jointly use an organic solvent 
including aromatic-based hydrocarbons such as benzene, toluene and 
xylene, alcohols such as methanol and ethanol, ketones such as 
acetone, esters, ethers, chlorinated hydrocarbons, and the like. In 
such a case, the reaction is preferably performed while the organic 
solvent is heated and circulated. The reaction time differs 
depending on the kinds of three types of organosilanes above, the 
reaction temperature and other conditions, but is usually in the 
range from 1 to 10 hours. 
[0027] 

When is a hydroxyphenyl group in the organosilane having a 
hydrolysable group represented by the general formula (2) above, 
the polymer (I) of the present invention can also be obtained by 
performing hydrolytic co-condensation using a compound in which the 
hydroxyl group is protected by an alkyl group of 1-4 carbons such 
as methyl group, ethoxyethyl group and t-butyl group; an acyl group 
of 1-4 carbons such as acetyl group; or a trialkylsilyl group such 
as trimethylsilyl group and t-butyldimethylsilyl group, where an 
alkyl group of 1-4 carbons is bonded to Si atom instead of the 
organosilane represented by the general formula (2) , and de- 
protecting . 

In the case of protecting by trialkylsilyl group, this 
trialkylsilyl group is hydrolyzed and can be incorporated into the 
silicon-containing polymer of the present invention as a 
monof unctional siloxane unit represented by the general formula (7). 
[0028] 

3. Silicon-containing polymer 

The other silicon-containing polymer (also referred to as 
"polymer (II)") of the present invention is represented by the 
general formula (5) below and has a weight-average molecular weight 
in the range from 500 to 500,000: 
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[Si-04/2]w[H-Si-03/2]x[A^-(R^>n-Si-03/2]y[R'^-Si-Oi/2]z 

(In the formula, is an organic group of 2-10 carbons, having a 
carbon-carbon unsaturated group; is an alkylene group of 1-20 
carbons, a bivalent aromatic group of 6-20 carbons, or a bivalent 
alicyclic group of 3-20 carbons; n is 0 or 1; is a hydrogen atom 
or an alkyl group of 2-10 carbons (R^ in one molecule may be the 
same type or a combination of two or more different types.); each 
of X and y is a positive number; each of w and z is 0 or a positive 
number; 0 < z/ ( w + x + y ) < 2 ; and 0.01 < y/(w + x) ^5). 
[0029] 

The silicon-containing polymer (II) of the present invention 
comprises, as represented by the general formula (5) above, a 
tetraf unct ional siloxane unit represented by the formula (9) below, 
a trif unctional siloxane unit represented by the formula (10) below, 
a trif unctional siloxane unit represented by the formula (11) below 
and a monof unctional siloxane unit represented by the formula (12) 
below. These units may each be bonded with any same or different 
siloxane unit. The silicon-containing polymer (II) of the present 
invention does not necessarily comprise the tetraf unctional 
siloxane unit represented by the formula (9) below and the 
monof unctional siloxane unit represented by the general formula 
(12) below. 

[Si O4/2] (9) 
[H Si O3/2] (10) 
[A' (R')n Si O3/2] (11) 
(In the formula, is an organic group of 2-10 carbons, having a 
carbon-carbon unsaturated group; R"^ is an alkylene group of 1-20 
carbons, a bivalent aromatic group of 6-20 carbons, or a bivalent 
alicyclic group of 3-20 carbons; n is 0 or 1.) 

R^ 

[R^-Si-Oi/2] ^12) 
R^ 

(In the formula, is a hydrogen atom or an alkyl group of 1-10 

carbons . ) 

[0030] 
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In the general formula (5) above, is an organic group of 2- 
10 carbons, having a carbon-carbon unsaturated group, and is 
preferably a functional group having a carbon-carbon double bond or 
a triple bond. 

Preferred examples of include vinyl group, o-styryl group, 
m-styryl group, p-styryl group, acryloyl group, methacryloyl group, 
acryloxy group, methacryloxy group, 1-propenyl group, 1-butenyl 
group, 1-pentenyl group, 3-methyl-l-butenyl group, phenyl ethenyl 
group, ethynyl group, 1-propynyl group, 1-butynyl group, 1-pentynyl 
group, 3-methyl-l-butynyl group, phenyl butynyl group and the like." 

In the general formula (5) above, A^ in one molecule may be 
the same type or a combination of two or more different types when 
y ^ 2. 
[0031] 

In general formulae (5) and (11) above, is an alkylene 
group of 1-20 carbons, a bivalent aromatic group of 6-20 carbons, 
or a bivalent alicyclic group of 3-20 carbons. 

The alkylene group of 1-20 carbons is preferably methylene 
group, ethylene group, n-propylene group, i-propylene group, n- 
butylene group, i-butylene group and the like. 

The bivalent aromatic group of 6-20 carbons is preferably 
phenylene group, naphthylene group and the like. 

The bivalent alicyclic group of 3-20 carbons is preferably a 
bivalent hydrocarbon group having a norbornene backbone, a 
tricyclodecane backbone, an adamantine backbone, or the like. 

Also in the formulae above, n is 0 or 1. 

[0032] 

In general formulae (5) and (12) above, R'^ is a hydrogen atom 
or an alkyl group of 1-10 carbons. Preferred examples of include 
methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl 
group and i-butyl group and the like. 

R^ contained in the polymer (II) of the present invention may 
be the same type or a combination of two or more different types. 
[0033] 

In the general formula (5) above, each of x and y is a 
positive number, each of w and z is 0 or a positive number, 0 ^ 
z/ (w + x + y) < 2 and 0.01 ^ y/ (w + x) ^5). When w = 0, preferred 
is 0.2 ^ y/x ^ 5, and when w > 1, preferred is 0.01 < y/ (w + x) ^ 2. 
In the case of being out of these ranges, syntheses are difficult 
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and a cured material having high heat resistance can not be 

obtained. 

[0034] 

The polymer (II) of the present invention may comprise some 
hydroxyl groups, alkoxy groups, halogen atoms and the like that are 
remained in the manufacturing process. 
[0035] 

The weight-average molecular weight (Mw) of the silicon- 
containing polymer (II) of the present invention is in the range 
from 500 to 500,000 as measured by GPC using standard polystyrene . 
In the case of being out of these ranges, syntheses are difficult. 
[0036] 

The silicon-containing polymer (II) of the present invention 
can be obtained by performing hydrolytic co-condensation of w moles 
. of a silicon compound having a hydrolysable group represented by 
the general formula (13) below, x moles of a silicon compound 
having a hydrolysable group represented by the general formula (14) 
below, y moles of an organosilane having a hydrolysable group 
represented by the general formula (15) below, and z moles of an 
organosilane having a hydrolysable group represented by the general 
formula (16) below. 
[0037] 

SiM% (13) 
(In the formula, is a hydrolysable group.) 

HSiM^3 (14) 
(In the formula, is a hydrolysable group.) 

■ A2(R^)nSiMS (15) 
(In the formula, is an organic group of 2-10 carbons, having a 
carbon-carbon unsaturated group, is an alkylene group of 1-20 
carbons, a bivalent aromatic group of 6-20 carbons, or a bivalent 
alicyclic group of 3-20 carbons and is a hydrolysable group.) 

R4_^i_M^ (16) 

(In the formula, is a hydrogen atom or an alkyl group of l-l'O 
carbons (R^ in this unit may be the same type or a combination of 
two or more different types.), and is a hydrolysable group.) 
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[0038] 



The hydrolysable groups M^, M^, , and in general formulae 
(13), (14), (15) and (16) above may each be the same or different. 
The hydrolysable group includes a halogen atom such as chlorine 
atom and bromine atom; an alkoxy group such as methoxy group, 
ethoxy group, isopropoxy group and methoxyethoxy group; an acyloxy 
group such as acetoxy group; a trialkylsiloxy group such as 
trimethylsiloxy group; and the like. 
[0039] 

When the silicon compound having a hydrolysable group 
represented by the general formula (13) above, the silicon compound 
having a hydrolysable group represented by the general formula (14) 
above, the organosilane having a hydrolysable group represented by 
the general formula (15) above, and the organosilane having a 
hydrolysable group represented by the general formula (16) above,, 
it is preferable that each number of mole of them is such that the 
conditions which are the same as those in the general formula (5) 
above, that is, specifically, each of x and y is positive number, 
each of w and z is 0 or a positive number, 0 ^ z/ (w + x + y) ^2 
and 0.01 < y/ (w + x) < 5 are satisfied. When w = 0, 0.2 < y/x < 5 
is preferred. And when w ^ 1, 0.01 ^ y/ (w + x) ^ 2 is preferred. 
Molecular weight, viscosity of the resin, heat resistance and the 
like can be freely controlled by varying the mole ratios while 
satisfying these conditions. 
[0040] 

In the hydrolytic co-condensation using each of the compound 
above, 0.5 x z moles of the hydrolysable organosilane represented 
by the general formula (17) below may be used instead of z moles of 
the organosilane having a hydrolysable group represented by the 
general formula (16) above. 
[0041] 




I 

Si-O 




(17) 



(In the formula, is a hydrogen atom or an alkyl group of 1-10 
carbons (R** in one molecule may be the same type or a combination of 
two or more different types.).) 
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[0042] 

Referring to the method for hydrolytic co-condensation using 
each of the compound above, known methods may be applied.. And the 
method described as the method for manufacturing the silicon- 
containing polymer (I) above may be used. 
[0043] 

4. Heat-resistant resin composition 

The heat-resistant resin composition of the present invention 
comprises a hydrosilylated polymer obtained by a reaction between a 
hydrogen atom bonded to a silicon atom in the silicon-containing 
polymer (II) above, and a carbon-carbon unsaturated group in 
another silicon-containing polymer (II) above. 
[0044] 

The reaction for obtaining the hydrosilylated polymer above 
is referred to as "hydrosilylation" and a catalyst may or may not 
be used. 

When a catalyst is used, a platinum-containing catalyst is 
preferred. 

As the platinum-containing catalyst, one that is 
conventionally used for hydrosilylation may be used, and examples 
thereof include platinum divinylsiloxane, platinum cyclic 
vinylmethylsiloxane, tris (dibenzylidene acetone) diplatinum, 
chloroplatinic acid, bis (ethylene) tetrachlorodiplatinum, 
cyclooctadiene dichloroplat inum, bis ( cyclooctadiene ) platinum, 
bis (dimethylphenylphosphine ) dichloroplatinum, 

tetrakis ( triphenylphosphine ) platinum, platinum carbon and the like. 
[0045] 

Hydrosilylation progresses in a reaction system regardless of 
the presence of a solvent. When a solvent is used, various solvents 
in conventional use may be used, including hydrocarbons, aromatic- 
based hydrocarbons, chlorinated hydrocarbons, alcohols, ethers, 
amides, ketones, esters, Cellosolves and the like. 
[0046] 

Hydrosilylation can be performed at various temperatures, and 
a temperature range of 40°C or higher and less than 200°C is 
particularly preferred . 
[0047] 

Since the heat-resistant resin composition of the present 
invention is excellent in heat resistance in block-like, film-like. 



16 



or any other form, its original form can be maintained even in a 
temperature range from 300 to 1,000°C, for example, without 
undergoing decomposition, degradation or the like. Particularly, a 
weight loss rate when the temperature is increased from 25*^0 to 
1,000°C at a rate of temperature increase of lO'^C/minute in 
nitrogen atmosphere can be kept to preferably 5% or less. In 
addition, a weight loss rate when the temperature is increased from 
25**C to 1, 000*^0 at a rate of temperature increase of 10°C/minute in 
oxygen atmosphere can also be kept to preferably 8% or less. 
[0048] 

5. Heat-resistant film 

The heat-resistant film of the present invention is one by 
spreading an organic solvent solution of the silicon-containing 
polymer (II) above on a substrate and curing the coated film by 
thermal hydrosilylation . 
[0049] 

The organic solvent used for the organic solvent solution 
above is not particularly limited so far as it is capable of 
dissolving the silicon-containing polymer (II) . And the solvent 
such as hydrocarbon, aromatic-based hydrocarbons, chlorinated 
hydrocarbons, alcohols, ethers, amides, ketones, esters, 
Cellosolves and the like may be used. 
[0050] 

The substrate is not particularly limited so far as it is 
composed of a material whereby a film can be obtained by coating or 
the like, such as an inorganic material, an organic material, and a 
combination of these materials. Preferred material includes metals, 
alloys, ceramics, wood, plastics and the like. 

A shape of the substrate may be a sheet, a plate, an angled 
body, a pipe, a disc, a sphere or the like, and may be a 
combination of these shapes. 

Therefore, specific examples of the substrate include a 
plate-like glass, silicon wafer, plastic moldings in various shapes, 
construction materials, a metal plate and the like. 
[0051] 

A method for coating the organic solvent solution containing 
the silicon-containing polymer above on the substrate includes 
casting method, spin coating method, bar coating method, spraying 
method and the like. 
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When the film is formed, the organic solvent solution 
containing the silicon-containing polymer above is usually spread 
on the substrate in an inert gas atmosphere such as air and 
nitrogen to a coated film, and the film is heat treated for an 
appropriate period of time; specifically, 1 minute to 10 hours, and 
preferably 1 minute to 1 hour. By this heating, the organic solvent 
is dried and evaporated, and a film is formed. The temperature of 
this heat treatment is usually in the range of 40°C or higher and 
less than 300°C, however, a range from 50°C to 200°C is preferred. 
This heat treatment may be performed at the same temperature within 
this range, or in combination of rising temperature and falling 
temperature . 
[0052] 

In addition, the obtained film is heat treated at a high 
temperature in the range from 100°C to 1,500°C in an inert gas 
atmosphere such as nitrogen gas for one minute or longer to a heat- 
resistant cured film. According to the heat treatment at the 
temperature range above, curing by thermal hydrosilylation between 
Si-H and C=C (or C = C) in the film can be proceeded. A preferable 
temperature is in the range from 150°C to 1,000°C, and more 
preferable is a range from 300°C to 1,000°C. 
[0053] 

The heat-resistant film of the present invention has a good 
characterization in mechanical strength such as heat resistance,, 
water resistance, chemical resistance, stability, electrical 
insulation properties and excoriation resistance that are exhibited 
by a silsesquioxane-based polymer. Therefore, this film can be used 
in films, layers and the li:k:e for products and parts in wide fields 
including electronics, optical functional materials and the like. 
For example, this film can be used for semiconductor materials such 
as a passivation film, a resist film and an interlayer dielectric 
film, aerospace materials and the like. And the film can be used 
for various types of protective films. 

[Examples ] 
[0054] 

The present invention is described in detail using examples. 
In the examples, "Me" refers to methyl group. 
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1. Manufacture of alkali-soluble silicon-containing polymer 

Reference Example 1 [synthesis of 3- {3-methoxy-4-hydroxyphenyl) 
propyl triethoxysilane] 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 164 g 
(1.0 mole) of 3- ( 3-methoxy-4-hydroxyphenyl ) propene and 100 ppm in 
terms of platinum metal of a 2 mass% isopropanol solution of 
chloroplatinic acid. Then 164 g (1.0 mole) of triethoxysilane was 
dripped over the course of five hours from a dropping funnel and 
was reacted while the mixture was heated and stirred at a 
temperature in the range from 50 to 60 °C. After the reaction was 
completed, vacuum distillation was performed and 289 g (0.88 mole) 
of the desired product ( 3- ( 3-methoxy-4-hydroxyphenyl ) propyl 
triethoxysilane) were obtained. The yield was 88%. 

The physical properties of the reaction product were as 
follows. 

Boiling point: 130°C at 2mmHg 

^H-NMR 6 (ppm): 0.6 to 0.8 (m, 2H) , 1 . 1 to 1 . 3 (m, 9H) , 1 . 6 to 
1.9 (m, 2H), 2.4 to 2.6 (m, 2H) , 3.5 to 4.1 (m, 9H) , 5.48 (s, IH) , 
6.5 to 6.7 (m, 2H) , 6.7 to 7.0 (m, IH) 
[0055] 

Example 1-1 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 65.7 g 
(0.2 mole) of 3- ( 3-methoxy-4-hydroxyphenyl ) propyl triethoxysilane 
obtained in Reference Example 1 above, 33.3 g (0.16 mole) of 
tetraethoxysilane, 3.2 g (0.02 mole) of hexamethyldisiloxane, and 
37.0 g of toluene. Then a mixture of 20 g of water, 0.5 g of 
concentrated hydrochloric acid and 10 g of ethanol was dripped over 
the course of approximately one hour and was reacted while the 
mixture was heated and stirred at a temperature of 70°C. 

After dripping was completed, circulation was continued for 
four hours at 75 °C. Subsequently water was added in the amount of 
150 g to the reaction system, and the product was separated into 
two layers by allowing the mixture to stand. The bottom layer 
containing a polymer component was divided, and the top layer was 
extracted using 100 g of toluene. Then the toluene extract and the 
polymer component above were combined and returned, to a flask 
equipped with a receptacle for measuring water content, and the 
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water and ethanol were evaporated by azeotropy. The product was 
cooled, filtered and concentrated, and 47,8 g of a silicon- 
containing polymer were obtained. The yield was 85%. 
[0056] 

The physical properties of the silicon-containing polymer 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (18) below. 
MeO Me 

[H0-^-CH2-CH2-CH2-Si-03/2] / [Me-Si-O-, ^2] m [Si04/2] n ^ ^ 8) 

Me 

(In the formula, J:/n:/3=l:0.2:0.8.) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 8 . 5 X 10^ 

Mn = 4 . 4 X 10^ 

Softening point: 95 to 100°C 

^H-NMR 6 (ppm) : -0.4 to 0.4 (br, 1.8H), 0.5 to 2.7 (br, 6H) , 
3.4 to 4.3 (br, 3H) , 6.4 to 7.2 (br, 3H) 

^^Si-NMR 5 (ppm): -114 to -102 (br, 0.79Si), -70 to -63 (br, 
ISi), 8 to 15 (br, 0.18Si) 
[0057] 

Examples 1-2 through 1-5 

The 3- (2-methoxy-3-hydroxyphenyl ) propyl triethoxysilane 
obtained in Reference Example 1 above was charged together with 
tetraethoxysilane, hexamethyldisiloxane or the like in the ratios 
shown in Table 1 to produce silicon-containing polymers in the same 
manner as in Example 1-1. The physical properties of the reaction 
products were shown together in Table 1. 
[0058] 
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The silicon-containing polymers which were obtained in 
Examples 1-1 through 1-5 were dissolved in an aqueous solution of 
sodium hydroxide, an aqueous solution of tetramethylammonium 
hydroxide, methanol, tetrahydrof uran, dimethyl formamide, 
methylisobutylketone and isoamyl acetate, but were hardly soluble 
in hexane, carbon tetrachloride, chloroform, toluene and the like. 
[0060] 

Reference Example 2 (Synthesis of 2-p- ( tert-butoxy ) phenylethyl 
triethoxysilane ) 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 17 6 g 
(1,0 mole) of p- ( tert-butoxy) styrene and 100 ppm in terms of 
platinum metal of a 2 mass% isopropanol solution of chloroplatinic 
acid. Then 164 g (1.0 mole) of triethoxysilane was dripped over the 
course of five hours from the dropping funnel and was reacted while 
the mixture was heated and stirred at a temperature in the range 
from 50 to 60 °C. After the reaction was completed, vacuum 
distillation was performed and 313 g (0.92 mole) of the desired 
product (2-p- (tert-butoxy ) phenylethyl triethoxysilane) were 
obtained. The yield was 92%. 

The physical properties of the reaction product were as 
follows . 

Boiling point: 115°C at SmmHg 

^H-NMR 5 (ppm): 0 . 5 to 0 . 7 (m, 2H) , 1 . 0 to 1 . 5 (m, 18H) , 2.4 
to 2.7 (m, 2H), 3.5 to 4.1 (m, 6H) , 6.5 to 6.7 (m, 2H) , 6.7 to 7.0 

(m, 2H) 
[0061] 

Example 1-6 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 68.1 g 
(0.2 mole) of the 2-p- (tert-butoxy ) phenylethyl triethoxysilane 
obtaineid in Reference Example 2, 33.3 g (0.16 mole) of 
tetraethoxysilane, 3.2 g (0.02 mole) of hexamethyldisiloxane and 
41.5 g of toluene. Then a mixture of 20 g of water, 0.5 g of 
concentrated hydrochloric acid and 10 g of ethanol was dripped over 
the course of approximately one hour and was reacted while the 
mixture was heated and stirred at a temperature of 70''C. After that, 
separation and concentration were conducted in the same manner as 
in Example 1-1 to obtain 51.7 g of a silicon-containing polymer. 
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The yield was 88% . 
[0062] 

The physical properties of the silicon-containing polymer 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (19) below. 
Me Me 
[Me-C-0-Q--CH2-CH2-Si-03/2]/[Me-Si~Oi/2]An[Si04/^2]/7 (19) 
Me Me 

(In the formula, J:in:ii=l:0.2:0.8.) 

Molecular weight {GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 5 . 6 X 10^ 

Mn = 3.2 X 10^ 

Softening point: 120 to 130°C 

^H-NMR 6 (ppm) : -0.4 to 0.4 (br, 1.8H), 0.5 to 2.7 (br, 13H) , 
6.4 to 7.2 (br, 4H) 

^^Si-NMR 6 (ppm): -113 to -101 (br, 0.78Si), -72 to -64 (br, 
ISi), 7 to 15 (br, 0.15Si) 
[0063] 

The silicon-containing polymer which was obtained in Example 
1-6 was dissolved in an inorganic-based aqueous solution such as 
the aqueous solution of sodium hydroxide above and the aqueous 
solution of tetramethylammonium hydroxide above, an organic solvent 
such as methanol, ethanol, tetrahydrof uran, toluene, dimethyl 
formamide, methylisobutyllcetone, isoamyl acetate, hexane and carbon 
tetrachloride . 
[0064] 

2. Manufacture of silicon-containing polymer 
Example 2-1 

Into a four-nec]c flaslc provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 24.7 g 
(0.15 mole) of triethoxysilane , 22.2 g (0.15 mole) of 
vinyltrimethoxysilane, 2.4 g (0.015 mole) of hexamethyldisiloxane 
and 37.0 g of toluene. Then a mixture of 20 g of water, 0.5 g of 
concentrated hydrochloric acid and 10 g of ethanol was dripped over 
the course of approximately one hour and was reacted while the 
mixture was heated and stirred at a temperature of 70°C. 

After dripping was completed, circulation was continued for 
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four hours at 75 °C. Subsequently water was added in the amount of 
150 g to the reaction system, and the product was separated into 
two layers by allowing the mixture to stand. The bottom layer 
containing a polymer component was divided, and the top layer was 
extracted using 100 g of toluene. Then the toluene extract and the 
polymer component above were combined and returned to a flask 
equipped with a receptacle for measuring water content, and the 
water and ethanol were evaporated by azeotropy. The product was 
cooled, filtered and concentrated, and 19.0 g of a silicon- 
containing polymer (PI) were obtained. The yield was 85%. 
[0065] 

The physical properties of silicon-containing polymer (PI) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (20) below 
(see Table 2) . 

Me 
I 

[H-Si-03/2]/[CH2=CH-Si-03/2]m[Me-Si-0i/2]n (20) 

Me 

(In the formula, i:in:i3=l:l:0.2.) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 2.0 X 10^ 

Mn = 1.0 X 10^ 

Viscosity (25°C) : 1.2 x 10*^ Pa»s 

^H-NMR 5 (ppm) : -0.4 to 0.4 (br, 1.8H), 4.2 to 5.0 (br, IH) , 
5.4 to 6.2 (br, 3H) 

^^Si-NMR 5 (ppm): -89 to -82 (br, ISi) , -70 to -63 (br, 
0.99Si), 8 to 15 (br, 0.19Si) 
[0066] 

Examples 2-2 through 2-5 

Tetraethoxysilane, vinyltrimethoxysilane and 
hexamethyldisiloxane were charged in the ratios shown in Table 2 to 
produce silicon-containing polymers (P2) through (P5) in the same 
manner as in Example 2-1. The physical properties of the reaction 
products were shown together in Table 2. 
[0067] 



24 



/^iscosity 
(25'C) 
(Pa-s) 


o 
o 

X 

CSJ 


o 
o 

X 

CO 


o 

1-H 

X 


O 
O 

1-H 

X 
o 


O 
O 

1-H 

X 








• 


1-H 




:-average 
lar weight 


CO 

o 

X 


o 

X 


o 

X 


CO 

O 

X 


CO 

X 


Weight 
molecu 


o 

eg 


CM 


CO 
CM 




CM 


















































o 
S 








Csl 

o 


CM 
O 


CD 


CM 

o 


i-H 
• 

o 


o 
o 


OO 
1-H 


eg 
o 




1 — A 
r—i 


•F-H 


1-H 
* « 

1-H 


CM 
« 

o 


00 

r-H 


























Charged mole 
D:E:F 




LD 

<^ 


CM 


1-H 

o 

CO 


1-H 

cp> 
eg 


• 


O 

A3 


O 

T-H 

1-H 


f— H 

Cs3 
O 


o 

00 

1-H 


bo 
c 












c 












-contai 
Dlymer 


o. 


csi 
& 


00 
Ph 


Oh • 


LQ 
Oh 








































r-H 


CM 


CO 




LO 
I 




1 

CM 


1 

CM 


1 

CM 


1 

CM 


CM 







c 

o 



<1> 
a 

JO 

o 

-G 

-*-> 
CD 

S 



o 
c 

o 

B 
cs 

X 

o 



25 



[0068] 

The silicon-containing polymers (PI) through (P5) which were 
obtained in Examples 2-1 through 2-5 were all dissolved in an 
organic solvent such as methanol, ethanol, tetrahydrof uran, toluene, 
dimethyl formamide, methylisobutylketone, isoamyl acetate, hexane 
and carbon tetrachloride. 
[0069] 

Example 2-6 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 24.7 g 
(0.15 mole) of triethoxysilane, 22.2 g (0.15 mole) of 
vinyltrimethoxysilane, 2.0 g (0.015 mole) of 1,1,3,3- 

tetramethyldisiloxane and 37.0 g of toluene. Then a mixture of 20 g 
of water, 0.5 g of concentrated hydrochloric acid and 10 g of 
ethanol was dripped over the course of approximately one hour and 
was reacted while the mixture was heated and stirred at a 
temperature of 70 °C. After that, separation and concentration were 
conducted in the same manner as in Example 2-1 to obtain 19.2 g of 
silicon-containing polymer (P6) . The yield was 88%. 
[0070] 

The physical properties of silicon-containing polymer (P6) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (21) below. 

Me 

[H-Si-03/2] / [CH2=CH-Si-03/2] m [ H-Si-0 1 n (21) 

Me 

(In the formula, -Z:7n:n=l:l:0-2.) 

Molecular weight (GPC, tetrahydrofuran solvent, determined by 
using polystyrene as the standard) : 

Mw = 2 . 2 X 10^ 

Mn = 1.2 X 10^ 

Viscosity (25°C): 1.1 x 10° Pa • s 

^H-NMR 5 (ppm) : -0.4 to 0.4 (br, 1.2H), 4.2 to 5.0 (br, 1.2H), 
5.4 to 6.2 (br, 3H) 

^^Si-NMR 6 (ppm): -89 to -82 (br, ISi) , -70 to -63 (br, 
0.98Si), -12 to -5 (br, 0.2Si) 
[0071] 

The silicon-containing polymer (P6) which was obtained in 
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Example 2-6 was dissolved in an organic solvent such as methanol, 
ethanol, tetrahydrof uran, toluene, dimethyl formamide, 
methylisobutylketone, isoamyl acetate, hexane and carbon 
tetrachloride . 
[0072] 

Example 2-7 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 24.7 g 
(0.15 mole) of triethoxysilane, 33.7 g (0.15 mole) of p-styryl 
trimethoxysilane and 37.0 g of toluene. Then a mixture of 20 g of 
water, 0.5 g of concentrated hydrochloric acid and 10 g of ethanol 
was dripped over the course of approximately one hour and was 
reacted while the mixture was heated and stirred at a temperature 
of 70°C. After that, separation and concentration were conducted in 
the same manner as in Example 2-1 to obtain 27.8 g of silicon- 
containing polymer (P7). The yield was 89%. 
[0073] 

The physical properties of silicon-containing polymer ( P7 ) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (22) below. 

[H-Si-03/23/ [CH2=CH-^-Si-03/2]m (22) 

(In the formula, 1 : m = 1 : 1 . ) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 6. 2 X 10^ 

Mn = 3.2 X 10^ 

Viscosity (25°C): 5.2 x 10^ Pa*s 

^H-NMR 6 (ppm) : 4.2 to 5.0 (br, IH) , 5.3 to 6.8 (br, 3H) , 7.1 
to 7.8 (br, 4H) 

^^Si-NMR 5 (ppm): -89 to -82 (br, ISi) , -70 to -63 (br, 
0. 99Si) 
[0074] 

The silicon-containing polymer (P7) which was obtained in 
Example 2-7 was dissolved in an organic solvent such as methanol, 
ethanol, tetrahydrof uran, toluene, dimethyl formamide, 
methylisobutylketone, isoamyl acetate, hexane and carbon 
tetrachloride. 
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[0075] 

Example 2-8 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 24.7 g 
(0.15 mole) of triethoxysilane, 33.7 g (0.15 mole) of p-styryl 
trimethoxysilane, 2.4 g (0.015 mole) of hexamethyldisiloxane and 
37.0 g of toluene. Then a mixture of 20 g of water, 0.5 g of 
concentrated hydrochloric acid and 10 g of ethanol was dripped over 
the course of approximately one hour and was reacted while the 
mixture was heated and stirred at a temperature of 70*'C. After that, 
separation and concentration were conducted in the same manner as 
in Example 2-1 to obtain 28.3 g of silicon-containing polymer (P8). 
The yield was 84%. 
[0076] 

The physical properties of silicon-containing polymer (P8) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (23) below . 

Me 

[H-Si-03/2] / [CH2=CH-^-Si-03/2] m [Me-Si-Oi n (23) 

Me 

(In the formula, J:i?i:n=l:l:0.2.) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 2.3 X 10^ 

Mn = 1.4 X 10^ 

Viscosity (25°C) : 3.8 x 10° Pa«s 

^H-NMR 6 (ppm) : -0.4 to 0.4 (br, 1.8H), 4.2 to 5.0 (br, IH) , 
5.3 to 6.8 (br, 3H) , 7.1 to 7.8 (br, 4H) 

^^Si-NMR 6 (ppm): -89 to -82 (br, ISi) , -70 to -63 (br, ISi) , 
8 to 15 (br, 0.2Si) 
[0077] 

The silicon-containing polymer (P8) which was obtained in 
Example 2-8 was dissolved in an organic solvent such as methanol, 
ethanol, tetrahydrof uran, toluene, dimethyl formamide, 
methylisobutylketone, isoamyl acetate, hexane and carbon 
tetrachloride . 
[0078] 

Example 2-9 
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Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 24.7 g 
(0.15 mole) of triethoxysilane , 33.7 g (0.15 mole) of p-styryl 
trimethoxysilane, 2.0 g (0.015 mole) of 1,1,3,3- 

tetramethyldisiloxane and 37.0 g of toluene. Then a mixture of 20 g 
of water, 0.5 g of concentrated hydrochloric acid and 10 g of 
ethanol was dripped over the course of approximately one hour and 
was reacted while the mixture was heated and stirred at a 
temperature of 70 °C. After that, separation and concentration were 
conducted in the same manner as in Example 2-1 to obtain 27.6 g of 
silicon-containing polymer (P9) . The yield was 83%. 
[0079] 

The physical properties of silicon-containing polymer (P9) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (24) below. 

Me 

[H-Si-03/2]/[CH2=CH-^-Si-03/2]/n [H-Si-Oi/2^n (24) 

Me 

(In the formula, 1 : m : n = 1 : 1 : 0 .2 . ) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 2.2 X 10^ 

Mn = 1.2 X 10^ 

Viscosity (25''C) : 4.1 x io° Pa»s 

^H-NMR 5 (ppm) : -0.4 to 0.4 (br, 1.2H), 4.2 to 5.0 (br, 1.2H), 
5.3 to 6.8 (br, 3H) , 7.1 to 7.8 (br, 4H) 

^^Si-NMR 5 (ppm): -89 to -82 (br, ISi) , -70 to -63 (br, 
0.99Si), -12 to -5 (br, 0.19Si) 
[0080] 

The silicon-containing polymer (P9) which was obtained in 
Example 2-9 was dissolved in an organic solvent such as methanol, 
ethanol, tetrahydrof uran, toluene, dimethyl formamide, 
methylisobutylketone, isoamyl acetate, hexane and carbon 
tetrachloride . 
[0081] 

Example 2-10 

Into a four-neck flask provided with a stirrer, a reflux • 
condenser, a dropping funnel and a thermometer were added 24.7 g 
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(0.15 mole) of triethoxysilane, 37.7 g (0.15 mole) of 3- 
methacryloxypropyl trimethoxysilane, 2.4 g (0.015 mole) of 
hexamethyldisiloxane and 37.0 g of toluene. Then a mixture of 20 g 
of water, 0.5 g of concentrated hydrochloric acid and 10 g of 
ethanol was dripped over the course of approximately one hour and 
was reacted while the mixture was heated and stirred at a 
temperature of 70°C. After that, separation and concentration were 
conducted in the same manner as in Example 1 to obtain 34.3 g of 
silicon-containing polymer (PIO). The yield was 92%. 

[0082] 

The physical properties of silicon-containing polymer (PIO) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (25) below. 

Me Me 
I I 

[H-Si-03/2]/[CH2=C-C-0-(CH2)3-Si-03/2]mtMe-Si-Oi/2]n (25) 

O Me 

(In the formula, 1 : in : n = 1 : 1 : 0 . 2 , ) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 2.4 X 10^ 

Mn = 1.5 X 10^ 

Viscosity (25°C) : 3.2 x lO^ Pa*s 

^H-NMR 6 (ppm) : -0.4 to 0.4 (br, 1.8H), 0.5 to 1.0 (br, 2H) , 
1.5 to 2.5 (br, 5H) , 3.6 to 4.2 (br, 2H) , 4.3 to 5.0 (br, IH) , 5.7 
to 7.1 (br, 2H) 

^^Si-NMR 6 (ppm): -89 to -82 (br, ISi), -70 to -63 (br, 
0.99Si), 8 to 15 (br, 0.2Si) 
[0083] 

The silicon-containing polymer (PIO) which was obtained in 
Example 2-10 was dissolved in methanol, ethanol, tetrahydrof uran, 
dimethyl formamide, methylisobutylketone and isoamyl acetate, but 
was hardly soluble in hexane, carbon tetrachloride, chloroform, 
toluene and the like. 
[0084] 

Example 2-11 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 24.7 g 
(0.15 mole) of triethoxysilane, 35.2 g (0.15 mole) of 3- 
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acryloxypropyl trimethoxysilane, 2.4 g (0.015 mole) of 
hexamethyldisiloxane and 37.0 g of toluene. Then a mixture of 20 g 
of water, 0.5 g of concentrated hydrochloric acid and 10 g of 
ethanol was dripped over the course of approximately one hour and 
was reacted while the mixture was heated and stirred at a 
temperature of 70°C. After that separation and concentration were 
conducted in the same manner as in Example 1 to obtain 31.7 g of 
silicon-containing polymer (Pll). The yield was 90%. 
[0085] 

The physical properties of silicon-containing polymer (Pll) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (26) below. 

Mg 
I 

[H-Si-03/2]/tCH2=CH-C-0-(CH2)3 -Si-Os/a^m [Me-Si-0-| n (26) 

O Me 

(In the formula, 1 : m : n = 1 : 1 : 0.2.) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 2.3 X 10^ 

Mn = 1.1 X 10^ 

Viscosity (25°C) : 3.2 x io° Pa*s 

^H-NMR 5 (ppm) : -0.4 to 0.4 (br, 1.8H), 0.5 to 1.0 (br, 2H) , 
1.9 to 2.5 (br, 2H) , 3.6 to 4.2 (br, 2H) , 4.3 to 5 . 0 (br, IH) , 5.7 
to 7.1 (br, 3H) 

^^Si-NMR 6 (ppm): -89 to -82 (br, ISi) , -70 to -63 (br, 
0.98Si), 8 to 15 (br, 0.2Si) 
[0086] 

The silicon-containing polymer (Pll) which was obtained in 
Example 2-11 was dissolved in methanol, ethanol, tetrahydrof uran, 
dimethyl formamide, methylisobutylketone and isoamyl acetate, but 
was hardly soluble in hexane, carbon tetrachloride, chloroform, 
toluene and the like. 
[0087] 

3. Preparation and evaluation of heat-resistant resin composition 
Example 2-12 

Ten grams of silicon-containing polymer (PI) obtained in 
Example 2-1 and 1 mg of chloroplatinic acid were stirred for five 
minutes at room temperature to mix, and then were heated for one 
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hour at a temperature of 120°C. Thereby an insoluble, infusible 
resin composition was obtained. During this heating, there was no 
vaporization of a compound having an unsaturated group. 

This resin composition was analyzed by thermogravimetry . And 
when the composition was heated from 25°C at a rate of temperature 
increase of 10°C/minute in nitrogen atmosphere, the weight loss 
rate at 625°C was 5.0%. In addition. When the composition was 
heated in air atmosphere under the same conditions, 84.3% thereof 
remained, and Td5 (the temperature at which the weight loss rate 
became 5 mass% using the mass of the composition before heating as 
a reference) was 405°C (see Table 3) . Further, according to 
differential scanning calorimetry (DSC) , behavior considered to be 
glass transition point was not clearly confirmed in a temperature 
range up to 500°C. 
[0088] 

Examples 2-13 through 2-16 

Resin compositions were prepared using silicon-containing 
polymers (P2) through (P5) obtained in Examples 2-2 through 2-5, 
and were evaluated in the same manner as in Example 2-12. The 
results thereof are shown in Table 3. 
[0089] 
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[0090] 

Example 2-17 

Ten grams of silicon-containing polymer (P6) obtained in 
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Example 2-6 and 1 mg of chloroplatinic acid were stirred for five 
minutes at room temperature to mix^ and then were heated for one 
hour at a temperature of 120°C. Thereby an insoluble, infusible 
resin composition was obtained. During this heating, there was no 
vaporization of a compound having an unsaturated group. 

This resin composition was analyzed by thermogravimetry . And 
when the composition was heated from 25*'C at a rate of temperature 
increase of iCc/minute in nitrogen atmosphere, the weight loss 
rate at lOSb'^C was 5.0%. In addition. When the composition was 
heated in air atmosphere under the same conditions, 90.2% thereof 
remained, and Td5 was 620°C (see Table 3) . Further, behavior 
considered to be glass transition was not clearly confirmed in a 
temperature range up to 500 °C. 
[0091] 

Examples 2-18 through 2-22 

Resin compositions were prepared using silicon-containing 
polymers (P7) through (Pll) obtained in Examples 2-7 through 2-11, 
and were evaluated in the same manner as in Example 2-17. The 
results thereof were shown in Table 4 . 
[0092] 
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[0093] 

4. Manufacture and evaluation of heat-resistant film 
Example 2-23 
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0.9 g of tetrahydrof uran was added to 0 . 1 g of silicon- 
containing polymer (PI) obtained in Example 2-1 to prepare a resin 
solution . 

After that, this resin solution was applied to a silicon 
wafer having a diameter of 3 inches by spin coating for 30 seconds 
at a speed of 1,000 rpm. Subsequently, the coated product was 
immediately heated at llO^C for 10 minutes, and a film having a 
thickness of 0.5 pm was obtained. This film was smooth and free of 
cracks. In addition, when the film thus obtained was heated under 
conditions of 400**C for 30 minutes and 700°C for 30 minutes, there 
was no cracking (see Table 5) . In the column showing the condition 
of the film in Table 5, "O" indicates instances in which there was 
no cracking, and "x" indicates instances in which cracking occurred. 
[0094] 

Examples 2-24 through 2-27 

Films were formed on silicon wafers using silicon-containing 
polymers (P2) through (P5) obtained in Examples 2-2 through 2-5 in 
the same manner as in Example 2-23, and the same evaluation was 
performed. The results thereof were shown in Table 5. 
[0095] 
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[0096] 

Example 2-28 

0.9 g of tetrahydrofuran was added to 0.1 g of silicon- 
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containing polymer (P6) obtained in Example 2-6 to prepare a resin 
solution . 

After that, this resin solution was applied to a silicon 
wafer having a diameter of 3 inches by spin coating for 30 seconds 
at a speed of 1,000 rpm. Subsequently, the coated product was 
immediately heated at llO^'C for 10 minutes, and a film having a 
thickness of 0.6 ^m was obtained. This film was smooth and free of 
cracks. In addition, when the film thus obtained was heated under 
conditions of 400°C for 30 minutes and 700°C for 30 minutes, there 
was no cracking (see Table 6) . 
[0097] 

Examples 2-29 through 2-31 

Films were formed on silicon wafers using silicon-containing 
polymers (P7) through (P9) obtained in Examples 2-7 through 2-9 in 
the same manner as in Example 2-28, and the same evaluation was 
performed. The results thereof were shown in Table 6. 
[0098] 
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[0099] 

5. Manufacture of silicon-containing polymer 
Example 3-1 
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Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 44.4 g 
(0.27 mole) of triethoxysilane , 4.4 g (0.03 mole) of 

vinyltrimethoxysilane and 37.0 g of toluene. Then a mixture of 20 g 
of water, 0.5 g of concentrated hydrochloric acid and 10 g of 
ethanol was dripped over the course of approximately one hour and 
was reacted while the mixture was heated and stirred at a 
temperature of 70°C. 

After dripping was completed, circulation was continued for 
four hours at 75°C. Subsequently water was added in the amount of 
150 g to the reaction system, and the product was separated into 
two layers by allowing the mixture to stand. The bottom layer 
containing a polymer component was divided, and the top layer was 
extracted using 100 g of toluene. Then the toluene extract and the 
polymer component were combined and returned to a flask equipped 
with a receptacle for measuring water content, and the water and 
ethanol were evaporated by azeotropy. The product was cooled, 
filtered and concentrated, and 14.5 g of silicon-containing polymer 
(Ql) were obtained. The yield was 87%. 
[0100] 

The physical properties of silicon-containing polymer (Ql) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (27) below. 

[H-Si-03/2]i[CH2=CH-Si-03/2]^ (27) 
(In the formula, 1 : m = 0.9 : 0.1.) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 4.5 X 10^ 

Mn = 3-1 X 10^ 

Viscosity (25°C) : 4.3 x 10° Pa»s 

^H-NMR 5 (ppm) : 4.2 to 4.7 (br, 3H) , 5.4 to 6-2 (br, IH) 
^^Si-NMR 6 (ppm): -89 to -82 (br, ISi) , -70 to -63 (br, 

O.llSi) 

[0101] 

The silicon-containing polymer (Ql) which was obtained in 
Example 3-1 was dissolved in an organic solvent such as methanol, 
ethanol, tetrahydrof uran, toluene, dimethyl formamide, 
methylisobutylketone, isoamyl acetate, hexane and carbon 
tetrachloride . 
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[0102] 

Example 3-2 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 44.4 g 

(0.27 mole) of triethoxysilane , 6.7 g (0.03 mole) of p-styryl 
trimethoxysilane and 37.0 g of toluene. Then a mixture of 20 g of 
water, 0.5 g of concentrated hydrochloric acid, and 10 g of ethanol 
was dripped over the course of approximately one hour and reacted 
while the mixture was heated and stirred at a temperature of 70 °C. 
After that, separation and concentration were conducted in the same 
manner as in Example 3-1 to obtain 16.9 g of silicon-containing 
polymer (Q2). The yield was 89%. 

[0103] 

The physical properties of silicon-containing polymer (Q2) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (28) below. 

[H-Si-03/2] / [CH2=CH-Q-Si-03/2] m (28) 

(In the formula, _Z:/n=0.9: 0,1.) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 7.4 X 10^ 

Mn = 3.8 X 10^ 

Viscosity {25*^0: 8.3 .x 10^ Pa«s 

^H-NMR 6 (ppm) : 4.2 to 5.0 (br, 3H) , 5.4 to 6.2 (br, IH) , 7.1 
to 7.8 (br, 1.3H) 

^^Si-NMR 5 (ppm): -89 to -82 (br, ISi) , -70 to -63 (br, 
O.llSi) 
[0104] 

The silicon-containing polymer (Q2) which was obtained in 
Example 3-2 was dissolved in an organic solvent such as methanol, 
ethanol, tetrahydrof uran, toluene, dimethyl formamide, 
methylisobutylketone, isoamyl acetate, hexane and carbon 
tetrachloride . 
[0105] 

Example 3-3 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 34.5 g 
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(03-1 mole) of triethoxysilane, 4.4 g (0.03 mole) of 
vinyltrimethoxysilane, 4.0 g (0.03 mole) of 1,1,3,3- 

tetramethyldisiloxane and 37.0 g of toluene. Then a mixture of 20 g 
of water, 0.5 g of concentrated hydrochloric acid and 10 g of 
ethanol was dripped over the course of approximately one hour and 
was reacted while the mixture was heated and stirred at a 
temperature of 70°C. After that, separation and concentration were 
conducted in the same manner as in Example 3-1 to obtain 16.7 g of 
silicon-containing polymer (Q3). The yield was 88%. 
[0106] 

The physical properties of silicon-containing polymer (Q3) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (29) below. 

Me 

[H-Si-03/2]/[CH2=CH-Si-03/2]m[H-Si-0i/2]A, (29) 

Me 

(In the formula, 1 : m : n = 0.1 : 0.1 : 0.2.) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 2.2 X 10^ 

Mn = 1.2 X 10^ 

Viscosity {25°C): 1.1 x 10° Pa«s 

^H-NMR 5 (ppm) : -0.4 to 0.4 (br, 4H) , 4.2 to 4.7 (br, 3H) , 5.4 
to 6.2 (br, IH) 

^^Si-NMR 5 (ppm): -89 to -82 (br, ISi) , -70 to -63 (br, 
O.lSSi), -12 to -5 (br, 0.29Si) 
[0107] 

The silicon-containing polymer (Q3) which was obtained in 
Example 3-3 was dissolved in an organic solvent such as methanol, 
ethanol, tetrahydrof uran, toluene, dimethyl formamide, 
methylisobutylketone, isoamyl acetate, hexane and carbon 
tetrachloride . 
[0108] 

Example 3-4 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 25.0 g 
(0.12 mole) of tetraethoxysilane, 14.8 g (0.09 mole) of 
triethoxysilane, 4.4 g (0.03 mole) of vinyltrimethoxysilane, 4.0 g 
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(0.03 mole) of 1 , 1 , 3, 3-tetramethyldisiloxane and 37.0 g of toluene. 
Then a mixture of 20 g of water, 0.5 g of concentrated hydrochloric 
acid and 10 g of ethanol was dripped over the course of 
approximately one hour and was reacted while the mixture was heated 
and stirred at a temperature of 70°C. After that, separation and 
concentration were conducted in the same manner as in Example 3-1 
to obtain 16.9 g of silicon-containing polymer (Q4). The yield was 
92%. 
[0109] 

The physical properties of silicon-containing polymer (Q4) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (30) below. 

Me 
I 

[Si04/2] k [H-Si-03/2] / [CH2=CH~Si-03/2] m [H-Si-Oi ^2] n (30) 

I 

Me 

(In the formula, Jt: 1 : mi /7 = 0.4 : 0.3 : 0.1: 0.2.) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 5.8 X 10^ 

Mn = 2.2 X 10^ 

Viscosity (25°C): 1.2 x 10^ Pa*s 

^H-NMR 6 (ppm) : -0.4 to 0.4 (br, 4H) , 4.2 to 4.7 (br, 1.6H)-, 
5.4 to 6.2 (br, IH) 

^^Si-NMR 6 (ppm): -112 to -105 (br, ISi), -89 to -82 (br, 
0.75Si), -70 to -63 (br, 0.25Si), -12 to -5 (br, 0.49Si) 
[0110] 

The silicon-containing polymer (Q4) which was obtained in 
Example 3-4 was dissolved in an organic solvent such as methanol, 
ethanol, tetrahydrof uran, toluene, dimethyl formamide, 
methylisobutyllcetone, isoamyl acetate, hexane and carbon 
tetrachloride . 
[0111] 

Example 3-5 

Into a four-neck flask provided with a stirrer, a reflux 
condenser, a dropping funnel and a thermometer were added 37.5 g 
(0.18 mole) of tetraethoxysilane, 4.9 g (0.03 mole) of 
triethoxysilane, 4.4 g (0.03 mole) of vinyltrimethoxysilane, 4.0 g 
(0.03 mole) of 1 , 1 , 3 , 3-tetramethyldisiloxane and 37.0 g of toluene. 
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Then a mixture of 20 g of water, 0.5 g of concentrated hydrochloric 
acid and 10 g of ethanol was dripped over the course of 
approximately one hour and was reacted while the mixture was heated 
and stirred at a temperature of 70°C. After that, separation and 
concentration were conducted in the same manner as in Example 3-1 
to obtain 17.7 g of silicon-containing polymer (Q5) . The yield was 
94%. 
[0112] 

The physical properties of silicon-containing polymer (Q5) 
above were as follows, and the product was confirmed to be the 
silicon-containing polymer represented by the formula (31) below. 

Me 
I 

[Si04/2] k [H-Si-03/2] / [CH2=CH-Si-03/2] m [H-Si-Oi ^2] n (3 1 > 

I 

Me 

(In the formula, k \ 1 : mi n = 0.6 : 0.1 : 0.1 : 0.2.) 

Molecular weight (GPC, tetrahydrof uran solvent, determined by 
using polystyrene as the standard) : 

Mw = 8.2 X 10^ 

Mn = 3.2 X 10^ 

Viscosity (25°C) : 2.3 x 10^ Pa-s 

^H-NMR 5 (ppm) : -0.4 to 0.4 (br, 4H) , 4.2 to 4.7 (br, IH) , 5.4 
to 6.2 (br, IH) 

^^Si-NMR 6 (ppm): -112 to -105 (br, ISi) , -89 to -82 (br, 
0.17Si), -70 to -63 (br, 0.16Si), -12 to -5 (br, 0.50Si) 
[0113] 

The silicon-containing polymer (Q5) which was obtained in 
Example 3-1 was dissolved in an organic solvent such as methanol, 
ethanol, tetrahydrof uran, toluene, dimethyl formamide, 
methylisobutyllcetone, isoamyl acetate, hexane and carbon 
tetrachloride . 
[0114] 

6. Preparation and evaluation of heat-resistant resin composition 
Example 3-6 

Ten grams of silicon-containing polymer (Ql) obtained in 
Example 3-1 and 1 mg of chloroplat inic acid were stirred for five 
minutes at room temperature to mix, and then were heated for one 
hour at a temperature of 120°C. Thereby a resin composition was 
obtained. When the solubility of the composition was examined using 
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a lower alcohol, a ketone, and the like, it was insoluble. 

In addition, this resin composition was analyzed by 
thermogravimetry . And when the composition was heated from 25 ""C to 
1,000°C at a rate of temperature increase of 10°C/minute in 
nitrogen atmosphere, the weight loss rate was 1.2%. When the 
composition was heated in air atmosphere under the same conditions, 
the weight loss rate thereof was 2.3% (see Table 7) . 

Further, according to DSC, behavior considered to be glass 
transition point was not clearly confirmed in a temperature range 
up to SOC^C. 

The term "insoluble, infusible" in Table 7 means 
characteristic that the composition was insoluble in an organic 
solvent, and that the composition did not melt when heated. 
[0115] 

Examples 3-7 through 3-10 

Resin compositions were prepared using silicon-containing 
polymers (Q2) through (Q5) obtained in Examples 3-2 through 3-5, 
and were evaluated in the same manner as in Example 3-6. The 
results thereof are shown in Table 3. 
[0116] 
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[0117] 

7. Manufacture and evaluation of heat-resistant film 
Example 3-11 

0.9 g of tetrahydrof uran was added to 0.1 g of silicon- 
containing polymer (Ql) obtained in Example 3-1 to prepare a resin 
solution . 

After that, this resin solution was applied to a silicon 
wafer having a diameter of 3 inches by spin coating for 30 seconds 
at a speed of 1,000 rpm. Subsequently, the coated product was 
immediately heated at 110**C for 10 minutes, and a film having a 
thickness of 0.5 jam was obtained. This film was smooth and free of 
cracks. In addition, when the film thus obtained was heated under 
conditions of 400°C for 30 minutes and 700°C for 30 minutes, there 
was no cracking (see Table 8) . In the column showing the condition 
of the film in Table 8, "O" indicates instances in which there was 
no cracking, and "x" indicates instances in which cracking occurred. 
[0118] 

Examples 3-12 through 3-15 

Films were formed on silicon wafers using silicon-containing 
polymers (Q2) through (Q5) obtained in Examples 3-2 through 3-5 in 
the same manner as in Example 3-11, and the same evaluation was 
performed. The results thereof were shown in Table 8. 
[0119] 
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